Various investigators1 2, 3 have shown that pyridoxine (vitamin B6) under certain conditions is a necessary growth factor for certain species of lactic acid bacteria. One such organism is Streptococcus lactis R. In a detailed study of the requirement of this organism for pyridoxine, Snell, et al.,4 showed that there existed in natural products a substance which could be derived from pyridoxine by metabolic processes, which far surpasses pyridoxine in its physiological activity for this organism. To distinguish this substance from synthetic pyridoxine it was tentatively called "pseudopyridoxine." It was later shown5 that if heat sterilization were avoided, pyridoxine was almost without growth-promoting activity for this organism. It became highly active on autoclaving with the basal culture medium. The degree of activity increased as the period of heating was increased. The effect was traced to interaction during autoclaving between pyridoxine and the amino acids of the medium; presumably "pseudopyridoxine" or a substance of similarly high activity for the test organism was formed in small amounts.
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While investigating the effect of individual amino acids in promoting the above "activation" of pyridoxine during heating, it was found that large amounts of alanine completely replaced pyridoxine as a growth factor for this organism. Glycine, on the other hand, inhibited growth. This inhibitory effect of glycine was removed, within limits, by additional amounts of pyridoxine, but not by additional amounts of any of the other vitamins. It was similarly removed-even more effectively-by alanine, but not by other amino acids. Details of these findings are presented below.
Experimental.-The basal medium used, and the conditions of testing, were exactly similar to those previously described. 4 The test organism was in all cases Streptococcus lactis R. Table 1 shows the comparative effects of pyridoxine, dl-alanine and glycine on growth. The maximum growth effect of pyridoxine is reached under these conditions at a concentration of 3 -y per 10 cc. of medium. dl-Alanine promotes growth to the same level when 1 to 3 mg. is added per 10 cc. This comparatively low activity of alanine suggests that its activity might be due to contamination with a substance possessing pyridoxine activity. That this is not the case is shown by the following considerations. Synthetic dl-alanine obtained from three different sources had exactly the same activity. This activity was unchanged after solution in water, treatment with an equal weight of activated charcoal, evaporation and recrystallization. Finally, the activity of dl-alanine was destroyed by nitrous acid treatment; pyridoxine is unaffected by such treatment. 6 Separate experiments showed that dlalanine would support continued heavy growth of the organism through repeated subcultures in the complete absence of pyridoxine. Under the conditions described, therefore, alanine in high concentration completely replaces pyridoxine in its growth effect on this organism. Addition of glycine to the basal medium suppressed growth below that which occurred in the control tubes. Slight growth in such unsupplemented tubes occurs because of carry-over with the inoculum of small amounts of substances which have pyridoxine activity, or the incomplete removal of such substances from the hydrolyzed casein of the basal medium. When extreme care is taken in preparing the basal medium, and small, washed inocula are used, no growth occurs in the unsupplemented medium, and addition of glycine to such a medium results in no apparent change. The inhibitory effect of glycine is more clearly seen when maximum growth of the organism is permitted by the addition of pyridoxine or of alanine. Results of such an experiment are shown in table 2. From 1 -y to 3 -y of pyridoxine hydrochloride was sufficient to permit growth to proceed to a maximum. No greater growth was attained when as much as 300 y of the vitamin was added. In the presence of only 1 y of the vitamin addition of 2 mg. of glycine suppressed growth to approximately the level reached in the control tubes. As the amount of pyridoxine is increased, the amount of glycine required to suppress growth to the level of the control tubes increases: thus with 3 y pyridoxine hydrochloride, 5 mg. of glycine is required; with 10 y pyridoxine nearly 10 mg. of glycine is required; with 30 -y of pyridoxine, 30 mg. of glycine is required for inhibition. The inhibitory effect of glycine is thus overcome to a very considerable extent by the presence of pyridoxine in large amounts. More than 30 mg. of glycine is apparently irreversibly toxic for this organism under these conditions. Just as alanine replaces pyridoxine in its growth effect for this organism, so it 12 also reverses the inhibitory effect of glycine. In this experiment, 1 to 3 mg. of alanine permitted maximum growth to occur. With 1 mg. of dlalanine present, about 10 mg. of glycine was required to reduce growth to a level below that reached in the control tube. With 10 mg. of dl-alanine, 100 mg. of glycine was required to produce the same effect. Although pyridoxine on the weight basis is much more active than alanine in effecting reversal of glycine inhibition, alanine reverses this inhibition when the glycine concentration is higher. When 100 mg. of glycine is used, the inhibition is not reversed by additional amounts of alanine.
The specificity of these responses is shown in table 3. Of the watersoluble vitamins tested, only pyridoxine was effective in promoting growth on this medium and reversing growth inhibition produced by glycine. Similarly, each of the amino acids so far obtained from casein hydrolyzates was tested. Only those fairly closely related to alanine are listed in the table. Of these, only alanine was effective in duplicating the growth effect of pyridoxine, and in reversing growth inhibition produced by glycine. Each of the other amino acids was completely ineffective in this respect. Serine and threonine show slight inhibitory effects in the same direction as does glycine.
The effectiveness of various compounds related in structure to glycine in producing inhibition of growth was further tested. These results are given in table 4 . ,B-Alanine, dl-serine and dl-threonine inhibited growth, but their effectiveness was considerably less than that of glycine. In each case the growth inhibition was prevented by simultaneous addition to the medium of additional amounts of pyridoxine or of alanine. As with glycine (table 2), this inhibition was reversible only within a limited range of concentrations, above which inhibition of growth by these compounds was not reversed by additional amounts of pyridoxine or of alanine.
The fact that added alanine replaces pyridoxine for S. lactis, but growth does not occur on the basal medium without pyridoxine or alanine, suggests that this organism is incapable of synthesizing alanine. This seemed rather unusual, since lactic acid is the chief product produced by the organism during growth. The amino acid requirements of the test organism were therefore determined. The hydrolyzed casein of the basal medium was replaced with a mixture of all of the amino acids listed as occurring in casein7 with the exception of j3-hydroxyglutamic acid. The neutralized mixture was added to the medium at such a level that each 10 cc. of medium contained 1 mg. of each amino acid. Ten milligrams of glutamic acid and 3 'y of pyridoxine hydrochloride were added per tube. The effect of omitting individual amino acids from the mixture was then determined. Results are shown in table 5. Alanine, glycine, threonine and serine are among those amino acids which are essential for the growth of this organism. While alanine in high concentration replaces pyridoxine, the addition of excess 
Lactic acid -
Creatine -
Choline chloride -
Benzoyl glycine -
Glycollic acid -(30) * All compounds were tested for their inhibitory properties by adding increasing amounts to the basal medium to which 0.5 y of pyridoxine hydrochloride per 10 cc. was added. This amount of pyridoxine is sufficient to produce about one-half maximum growth of S. lactis R. under the test conditions. t The amount of compound necessary to reduce growth to the level in the control tube (without pyridoxine) is given. Where the compound was not inhibitory, the highest level tested is given in parentheses.
pyridoxine does not permit growth in the absence of alanine. Glycine, threonine and serine (table 4) become inhibitory only when added in amounts considerably higher than those which are present in the hydrolyzed casein of the base medium. The extent to which these results apply to other lactic acid bacteria has not been extensively investigated. S. kactis 125 responds in exactly the same manner to additions of pyridoxine, alanine and glycine as does S. lactis R. Pyridoxine is also required for growth of Lactobacillus casei2' 3; for this organism alanine does not replace pyridoxine. L. casei is likewise very resistant to glycine inhibition.
Discussion.-The inhibition of growth of S. kactis by glycine, serine, threonine or ,3-alanine and its removal by alanine is most easily explained as an example of metabolic interference of structurally similar compounds in the sense postulated by Woods8 and Fildes.9 Alanine is an essential amino acid, the presence of which is required for growth of this organism; the presence of large amounts of structurally similar amino acids blocks utilization of alanine. Addition of increased amounts of alanine while maintaining the concentration of the inhibiting substance constant again makes alanine available, by simple mass action. The fact that glycine, serine and threonine are themselves likewise essential for growth need not alter this conception; if they interfere with alanine utilization, growth is nevertheless prevented. McIlwain'0 has shown that such interference may exist between amino acids and their sulfonic acid analogs, while existence of such interference between the sulfonamides and p-aminobenzoic acid8 or between pantothenic acid and pantoyl-taurine', 12 iS on firm experimental grounds. The complete replacement of pyridoxine for S. lactis by alanine deserves special comment. All experience to date has indicated that the B vitamins occur universally in all forms of living matter.2' 22 When an organism grows without added supplies, it does so because it is able to synthesize those supplies. According to this view, presence of sufficient quantities of alanine permits the synthesis by S. lactis of pyridoxine, or of the active substance derived from pyridoxine.4'5 In the absence of such concentrations of alanine, pyridoxine itself or its metabolites are necessary for growth. The mechanism by which alanine replaces pyridoxine is unknown, but it seems quite probable that it may serve as a direct precursor for pyridoxine in the following manner: Organisms which are able to utilize alanine in place of pyridoxi.ne would be
